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  Component	
  Analysis	
  

or minerals. In addition to the carbonate samples, 12
geological reference materials from Brammer Stan-
dard Company, Inc. were also examined as standards
in order to determine whether carbonates could be
distinguished from other geologic materials contain-
ing similar elements. These reference materials in-
clude igneous materials such as basalt, andesite,
and olivine, as well as sedimentary materials includ-
ing several dolomites and limestones (Table 1). It is
important to note here that some of these materials
are minerals (which have a specific crystal structure)
and others are rocks (which are composed of miner-
als). All standards were prepared as relatively homo-
genous pressed powder pellets, similar to the
calibration targets that will be sent along with
ChemCam to Mars on the Curiosity rover [16]. These
standards are part of a larger group of materials that
are being used to calibrate the ChemCam LIBS in
the laboratory [17].

4. Methods

LIBS. A Spectra-Physics Indi Nd:YAG laser operat-
ing at 1064nm, a repetition rate of 10Hz, and an en-
ergy of 17! 1mJ=pulse was used to sample target
material. The laser beam was focused on the sample
surface, which was positioned at a 7m standoff dis-
tance to simulate data collection on Mars. The sam-
ples were placed in a vacuum chamber filled with
7Torr CO2 to simulate martian atmospheric pres-

sure and general composition. Some of the plasma
emission was collected with a telescope and then di-
rected to a demultiplexer connected to three Ocean
Optics HR2500þ spectrometers, spanning the wave-
length regions 224:34–326:92nm (UV), 384:02–
472:53nm (VIS), and 494:62–932:89nm (VNIR). This
range is slightly greater than what ChemCam will
use on Mars, and so a reduced range of 245–800nm
was used in this study. The integration time was set
to 1 s, and five spectra were averaged for each LIBS
spectrum, so that each recorded spectrum is the com-
bination of 50 laser shots [18]. Each sample was
probed along a profile on five locations on the surface.
To account for fluctuations in laser intensity, each
spectrum was normalized to the total emission
intensity.

MVA. The LIBS data were analyzed using two
multivariate analysis (MVA) methods: principal com-
ponents analysis (PCA) and partial least squares re-
gression (PLS) [18,19]. PCA identifies the spectral
variations generated from each sample. With the cor-
rect training set, PCA can predict the rock type of the
sample. Here, the training set consists of Brammer
geologic reference materials that include basalt, an-
desite, olivine, limestone, and dolomite (Table 1). In
PLS, a model is developed to describe a statistical
correlation between each pixel in the LIBS spectrum
and the variations in the elemental compositions,
using standards with known values to predict the

Fig. 1. Principal component analysis (PCA) plot of PC1 (47%) versus PC2 (26%) scores for carbonate samples (closed symbols, below line
in legend) and geological referencematerial standards (open symbols). Rock types generally plot together, as seen in labeled circles. For the
Ca- and Mg-rich carbonate materials calcite, limestone, and dolomite, there is a range of compositions; since PC1 and PC2 are primarily
influenced by Ca, Mg, and Fe, these carbonate materials form groups that overlap somewhat. Note that the limestone standards used are
somewhat dolomitic and have significant Mg content.
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Figure from Lanza et al., 2010 

ChemCam calibration data set (n=110, d=6143) 



SVD-­‐k	
  truncates	
  PCA	
  to	
  k	
  components	
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PCs	
  can	
  be	
  used	
  to	
  “explain”	
  data	
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ChemCam:	
  Carbonates	
  
�  ChemCam:	
  LIBS	
  instrument	
  on	
  MSL	
  
�  CalibraHon	
  data	
  set:	
  	
  
70	
  lab	
  standards	
  +	
  40	
  carbonates	
  
�  6143	
  features	
  (bands)	
  observed	
  with	
  
lab	
  spectrometer	
  (not	
  ChemCam)	
  

�  K	
  (8)	
  captures	
  90%	
  variance	
  

7	
  

DEMUD with feedback (carbonate = interesting) 

Calcite 
Green calcite 
Orange calcite 
Dolomite 
Rhodochrosite 
Siderite 

Regular SVD 
Higher ranked 
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  First	
  selecHon	
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ChemCam:	
  First	
  non-­‐carbonate	
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Random subset of CRISM data 

CRISM:	
  Magnesite	
  discovery	
  
�  Magnesite	
  (MgCO3):	
  possible	
  groundwater	
  deposit	
  
�  CRISM	
  data:	
  0.364	
  to	
  3.92	
  μm,	
  197	
  bands	
  
�  Nili	
  Fossae:	
  only	
  17	
  of	
  15,400	
  items	
  match	
  

Data from Mars Reconnaissance Orbiter/CRISM 

MgCO3 
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CRISM:	
  First	
  magnesite	
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36 
Magnesite	
  Higher than 

expected 

Lower than 
expected 

Regular SVD:  
905 queries to 
find 1st magnesite  
(same as random) 



Similar	
  to	
  Gusev	
  findings	
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Figure from Carter & Poulet, 2012 

Gusev: Mg-rich member (~magnesite),  
plus 1.95-μm hydrous silica mixture? Nili Fossae with DEMUD explanations 

2.3 um 

2.18 um 
1.95 um 



Summary	
  
� DEMUD:	
  InteracHve	
  discovery	
  in	
  large	
  data	
  sets	
  

� Adapts	
  to	
  individual	
  feedback	
  /	
  prioriHes	
  
� Provides	
  explanaHons	
  for	
  spectra	
  of	
  interest	
  

� ChemCam	
  calibraHon	
  data	
  results	
  
� Found	
  carbonates	
  in	
  half	
  the	
  queries	
  needed	
  by	
  SVD	
  
� ExplanaHons:	
  

�  Carbonates:	
  	
  	
  Ca,	
  	
  	
  Mg;	
  olivine:	
  	
  	
  Mn,	
  	
  	
  Mg,	
  	
  Fe,	
  	
  	
  Ca	
  

� CRISM:	
  found	
  potenHal	
  magnesite	
  with	
  just	
  36	
  queries	
  
of	
  15,400	
  candidates	
  and	
  no	
  previous	
  training	
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Contact: kiri.wagstaff@jpl.nasa.gov 



Backup	
  Slides	
  

12/3/12	
   Kiri	
  Wagstaff:	
  Interactive	
  Discovery	
  in	
  Mars	
  Data	
  Sets	
   14	
  



ChemCam:	
  ExplanaHons	
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  ExplanaHons	
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DEMUD K=10
SVM
SVD K=10

CRISM:	
  Magnesite	
  Discovery	
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